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Wirdess tedmology co-existmce 



HELD OF THE INVENTION 

The prdseait invention relates to vdxeless technology co^existence and in 
partic\)Iar, but not escolndvelyp to co-eodsfience in scenarios tequiring the ability for at least 
two wirel^s teclmologies to operate smbstaniially simnltaneoiisly vA^bm the same band. 

5 

BACKGROX3ND TO THQB INVENTION 

It is Isnowx titiat attests to operate two or more livireless technologies can lead 
to problems in achieving substantial]^ int^i^ence ftee co-exlstenoe. By co-esdsteoce is 
meant Ibe ability to co-looste in an opeiatioxiual CTLvironment a plmality of wireless systems 
10 ivithout significant impact of any one or m<^e on the performance of another. These 

problems are particularly acute if two or more of ^e SQ^stems are to operate within the same 
band. 

Some current devices such as laptops already embed nmltiple wireless 
inter£tces such as IEBB802, 1 lb and Bluetoofb» fisr example to connect to local area netwozks 

15 and to peripberals. While IEEE802.1 lb only sutxports networking a^cations lypioally 

based on the bitemet Protocol (IP) and esgports an Ethernet inter&ce, the case of Bluetooth is 
different. In &ct, this standard does not only support networking applicadons by means of the 
Personal Area Network (PAN) profile^ but also point-to-point services Uka object exchange, 
syrkchronization, printing or connectioii to peripheral devices. It is known to use 

20 IBEBS02.1 lb and Bluetooth wirdeas inter&ces concotrently for different puxposes in some 
user devices. 

Since both IEEE802.1 lb and Bluetooth standards use the 2.4 GHz JSM. band 
in an uncoordinated manner, wbenever a collision in Ibe time and frequency axes occws> the 
MAC layers trigg^ fiama retransmissions, which can result in reduced throughput in both 
25 systems. It i& iSi^efore desirable to introduce suitable means to limit such mutual intetfbrenoe 
effects and favor coexistence of the two standarcb while pxefecably also matching plication 
traffic requirements. 

Thus^ with the advent of for example WPAN and WLAN as complementary 
technologies, co-location of Bltietooth and IEaB802.1 1 (i.e< "Wi-Fi'O devices is becoming an 
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area for significant poten&d gcowSi. Hie pcoUems invotved need to be addxessed as more 
nndti-<5tandard hardware and software becomes availably, e.g. on combiiialion chipsets for 
portable devices such as Personal Distal Assistants (PDAs), laptop compnting devices and 
mobile ccmmindcations devices. 
5 Solutions to co-existence of the Blnetoofli and ihe IEBB802.1 lb standards in 

the ISM band have been proposed, some in the IEBB802.15 Jt and Blnetoolfa SIG Coexistence 
vtfoildng groups. Many soluiiDns proposed can bo categorized into: 1) modificaxions of ^ 
MAC layers (for example adaptive fieqn^cy hopping); 2) coordination of peer devices; and 
3) ddver-levd svvitching» A useM discu^on of some the issues and proUems involved and 
10 general state of die art can be found in at least the article: 

'"Wi-Fi (802.1 lb) and Bluetooth: Enahling Co-existence'^; Jpn Lem^ord, 
AAian Stevens and Ron Neva of '^obHan Corporation''^ IEEE Network Septemb^/October 
200L 

One particular prior art proposal is disclosed in EP-1 1 1 9X37, in which an 
15 Interoperability device resides belov^ the device drivers and has the <^abillly of switching on 
and o£f the radio modules. This is intended to elunlnate inter&rmce by controlling radio 
module activity in an ^ropdate way and implies diat the interopetabili^ device has &11 
control over both IEB£802.n MAC and Bluetooth baseband and is capable of knowing 
whether or not a radio module is transmitting or recdvjng at any given thne. To hnplem^ 
20 this, the arraxigement of EP-1 1 19137 requires extra channel and associated custom hardware 
and soflivme is therefore required to implement the proposal. 



SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an improved arrangemeot fiir 

25 co-existence of a pluralhy of wireless technologies and in particular, but not delusively, an 
improved ai»ngement fiir co-existence of apluralily of wirel^s technologies that operate in 
the same band, e.g. Bluetooth and TRRR 802, 1 1 technologies. 

Accordingly^ the present invention provides a device incorporating a first 
communicatiot^ arrangement adapted to operate in accordance with a first communications 

30 standard and a second communications arrangement adapted to operate in accordance with a 
second communications standard, at least a portion of a range of operation of said first and 
second communications standards being in use in an overlapping relationship, said device 
having a protocol arcMtecture including at least cme of software implemented driver-level 
swil^^hing and dynamic patameter control adapted to eiusure that there is substantially no 
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mutual interfeience between coTnmtinicatiQns at said device und% either of said &cst and 
second communications standaids. 

Said dnver level switdbing may avoid said mntoal intet&trace trough fhe 
application of a sdieduUng policy to transmissions uodar each said comnmnications standazd. 
S Said scheduling policy maybe adapted to place ^d transmissions in a qneoe 

and to control said queue such that transmissions under one of said commumcations 
standaids do not collide with transmissions nnd^the ctiier communications standatd. 

Said scheduling policy may comprise a time-share mechanism adapted to 
apply predetmnined peircentag^ of thne to transmissions made xmder each said 
10 communications standard. 

A duty cycle of said scheduling policy tnay be dynamic^y varied accoxding 
to the characteristics of commnmoafions traffic under each said standard. 

Said communications standards may comprise ^wireless commmuoations 
standards and said software may be implemented in the form of a vviretess adaptation layer, 
15 Said software may fUrttier comprise a qnalily-^fHservice axtangement adapted 

to schedule transmission under said conummications standaids according to j^licadon 
requirements. 

Sdiedulers of each oommunicatLons standatd may communicate x^tiQx each 
o&er, such that each one knows when a channel is taken by a communication ftom the other 
20 and refirains firom transmitting said schedulers preferably communicating at Medium Access 
Control (MAC) level. Policies for said sdiediilers may be set in accordance with channel 
state or traffic infbrmadon, 

Commuzdcations under a said standard may be performed at least temporarily 
uskig a reduced bandwidlh, such that communicatlQns under the other said standard 
25 substantially do not ov^lap. 

Said commumcations may comprise packet tcanstnissions. Said 
communications standards may con:prise Bluetooth and lEHB 802. U. 

An operating parametarj^ such as one or more of packet ftagmentation, variable 
transmission power and variable data rate^ may be activated by said software only when it is 
30 detmnined that it is required^ svuix determination preferably being based on tra£BLc 
characteristics. Collision avoidance between said communications standards may be 
uxiplemented in Bluetoo& hardware or firmware. Said device may comprise one of a client 
device, a master unit, a slave unit or an access point 
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Hie present ijxvention also provides a xoetfaod of implemeotixLg co-^fcistence of 
a pbxcaliiy of ooixmiimicatioxis auaAgemrats opiating under conununicatiozis standards 
havii% at least partially overlapping bandwid&s, the metiiod including implementing, in 
software at driver level in a protocol stiick, adriv^ level switching accangement adsptedto 
5 ensure tiiat there is substantially no nrntiul interference between communicationB under said 

cft7 yiTTiiTti|ft5trin Tis Standards. 

Tho present inv^tion also provides a sof):ward product having encoded 
iheceon executable code for implementing co-existence of apturality of conmiunications 
airaxLgenx^ts operating under cozmnunications standards ha^dng at least partially overlappiDg 
1 0 faandwidtfasy the sofi:wax& product mcluding code for hnplementin& at driver l&vd in a 
protocol stack, adriver level switching axrangemei:^ adapted to ensiue that there is 
substantially no mutual interference between communicHfions under said coranamlcations 
standatds. 

15 BRIEF DESCRIPTION OP THE DRAWINGS 

Figure 1 is a schematic dlag?cam of a communications network incoiporatuig 
multi-standard "wlrelBss technology co-existence in accozdance xvith an embodiment of ttie 
invention; 

Figure 2 is a diagram of Bluetootii profiles; and 
20 Figures is a block diagram of software arcMtectnre used to implement 

embodiment of tiie present invention. 



DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 

The present inventian will now be descaibed with reference to certain 

25 embodiments and with reference to the above mentioned drawing. Such description is by 
wsQT of exan^le only and the invention is not Umited thereto. In particular the present 
invention will be desOTbed with reference to radio communications network but the present 
invention is not limited thereto. Tk^ term "wireless" should be interpreted widely to cover 
any communications system that does not use fixed wireline communications fi» some of its 

30 transmissions. It should also be noted that the term "wireless" also hicludes so-called cordless 
systems. General aspects of cordless communications systems are described for instance in 
the book by W. Tutdebee, "Cordless Telecommunications Worldwide", Springer* 1997. 
Cordle^ systems are generally local, uncoordinated radio communications networks having a 
limited tange. 
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Puttiier, flie present invention will be described mainly with reference to a 
lo csal area network but is not limited thereto . The networic may be any fimn of shared 
resource network (SKN), i.e. in an SttN hardware resowces ate shared, and each hardware 
network element can be accessed ftom any otfier network element An SRN in accordance 
5 wiflj the present invention is more-or-less synonymous with a CAN, LAN or WAN, but fee 
tenm SRN win be used to indicate that the 

of known CAN's, WAN's or LAN's e.g. contention schme or whether Bthemet Tokea Ring 
or Wireless LAN. In particular, the present invention relates to aPAN-apeisonal area 
network, involving short-range radio coimection betweai mobile units and master imits. Also 
10 the topology ofthe PAN, LAN or WAN is nm considered a limit on the p^ 

e.g. bns physical, star physioal, distributed star, ring physical, bus logical, ring logical may aU 
be used as sppropdata. Various types of wizeless I.AN have been standardized or are in 
general us^ e.g. the standards lEEB 802.1 1, IEEE 802. 1 IHR (Spread Spectrum) and systems 
based on DECr> Bluetooth, HIPERLAN. Wireless LAN's ate discussed in detail in '"^eless 
IS LAN's'' by Jim Geier, MacmiUan Technical Publishing, 1999. 

Re&ningiiow to the figures, and in particular fbrtiiei^ l,a 
communications arrangement 1 0 involves at least a first client device sudi as a lap-top 
ccD^uter 12 which communicates selectively vdiii a shared resources netwoik, such as a 
local area network 14 by means of a first wireless communicaiions standard, e.g. an IFRB 
20 802.1 lb link. The communication is preferably performed without a wired connection and in 
the case of lEBB 802.1 lb usmg a WLAN-enabled access point AP. 

Also within the communications arrangement 10 is available a second wireless 
coxnmunicatioiijs standard, e,g. in the form of a Bluetooth n^work 16. The Bluetooth network 
16 is available to the lap-top 12 for WPAN communications, fi>r e»:ample with ihrfher client 
25 devices sudi as a personal digital assistant (PDA) 18 and/or anHID device such as a mouse 
20. The Bluetooth network 16 may use the same access point AP as the IEEE 802.1 lb link, 
depending on range and WPAN enablement It will be noted, however, that all the 
embodiments of the present invention can be used with the Bluetooth'^ protocoL The 
features of such a system may include one or more of: 
30 - Slow frequency hopping as a spread spectrum technique; 

- Ma^er and slave unite whereby the mast^ unit can set the hopping sequence; 

- Each device has its own clock and its own address; 
The hopping sequence of a master uxut can be determined from its address; 
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- A set of slave xmite cozomuoicatbg with one master all have ifae same happing 
frequency (of ihe master) and finm apioonel^ 

- Hconets (»n be linked through comam dave units to fi>nn a fioaitemet; 

- Time Division Mutdplex I^ansmissioiis CTDMA) between slave and master units; 
5 - Time Division Dqplex (TDD) transnus^ 

^ Transmissions between slave and master m^ts joaay be syntiteonous or 

asyndbronons; 

- ^Iteister units detemiine^eD slave 1^ 

^ Slave i>nits may only reply when addressed by amasterimif; 
10 - The clocks are fiee-ifunning; 

Uncoordinated networks, especially those operating in the 2 A GHte license-fiee ISM 
band; 

- A software slack to enable appUoations to fb^ 

- Other devices are foimd by a discovery/inquiry procedure; and 

15 - Hard or soft handovers. 

With regard to &equenoy hopping, "slow jfrequency hopping" refers to the 
hopping ftequency being slower than the modulation rate, **fast frequency hopping** referring 
to a hopping rate faster than the modulation rate. The present invenlion is not limited to dtbar 
slow or Gaist hopping. 

20 As the laptop moves away from the network access point AP, the impact of or 

on such a co-located active Bluetooth (BT) piconet 16 may become severe. Id. feo^ being 
5Mbps the maxkaum achievable throughput of an IEEE802.1 lb link operating at 1 1Mbps 
between the network access point AP and the laptop 1 2, when the received signal strength at 
the laptop 12 is around -60dBm, the throughput may decrease to 2 Mbps in the presence of 

25 traffic in the BT piconet 16. This may be verified for WLAN and WPAN antennas spaced 
apart by 25cm and OdBm Bluetooth tjcansmission power. To this end, the skilled man is 
referred to; Mobilan Corporation "Sim-Op^ - Unleashmg the Full Potential of Wi-Fi^ and 
Bluetooth Co-existence% which can be found at: 

ht^://www jnobiIten.com/wbitepaper_frame.htm 

30 Depending on usage scenarios, the laptop 12 could coordinate operation of 

Bluetooth aad IEEE802.11b to reduce throughput reduction if it coxdd control both wireless 
interfaces at the same time. The problem is that, in many existing operaling systems, such 
interfaces are independent of each other and cannot be easily coordinated. This is where the 
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concepts tovolved in a Wheless Adaptation Uyer (WAL) may be inlredttced in accordance 
vnth fhe present invention. 

Tbe laptop 12 of this embodiment is equipped multi-standatd Ydteless 
hatdwaie^ sometimes lefened to as a combination or "combo" chipset, tliftt supports multiple 
5 wireless commnuioation standards and that can be cDntroIled by a single software network 
intefece. This software driv^ may be called a Wirdess Adaplation Layer (WAI<) and 
provides a unifiaaan interfeoe to the Iptomet Protocol (tP) layet fiwr such ftmctions as : 

1. transmission of IP pactet^ 

2. traffic sha|)ii:% and control; 

10 3. radio itak monitoring and control; 

4. paging ofidle devices (6.g.olieint/3tnobile); and 

5. handover between two access points AP> possibly using 

WAL is a wireless network driver that is designed to allow native biteroet 
applicatioxks to be rim transparendy on client/mobile device, e.g. widioat tiie need to change 
15 common ttansport protocols lilce TCP/IP or UDP/DP. A suitable s^ of basic design principles 
for WAL ore described in: F. Mahonen et al '^Platfonn-lnd^endent IP Ttansmission ov&r 
Wireless Netwmfes: The WINE Approach^ lERR PCM, December 2001, where the focus is 
on boosting IP transport in homogeneous wireless networks. As the WAL of the present 
invention is adapted to sappoxt multiple wireless standards, it may be referred to &r 
20 convenience as a Molti^standard WAL (M-WAL), 

Re&rring now for the moment in particular to Figure 2, Bluetooth profiles 
rdevant to the present invention will be discussed. In Bluetooth, ^plication scenarios are 
categorized into profiles, which describe how the Bluetooth standard must be used for a 
specific purpose, e^g^ to exchange business cards between two devices or to send a fox. 
25 Profiles are hierarchical: all of th^ are based on a gener^ access i^ofile 60, while a 
sigtdficant number is based on a serial profile 62. 

The serial profUe 62 is implemented by the RFCOMM protocol^ which fits 
above the L2CAP layer hi the Bluetoofli stack and is suited to point-to-point applications. 
PAN profile 64 Is not based on &e serial profile (RFCOMM), since it is intended to provide 
30 Bthemet network emulation for a BT piconet. Instead it uses tiie Bluetooth Network 
Encapsulation Protocol ^NB?) to encapsulate IP datagrams into Ethernet frames. 

Furdier shown are dial-up 66, LAN Access 68, Fax 70, Headset 72, and 
Generic OBEX with Object Push 76, Synchronization 78, and File Transfer 80. 
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Refeoing also now to Figure 3, the network structure 100 of l3ie M-WAL 102 
fc depicted in. the form of a software inplemented vhtual driver aroiutectuje- Pot netwQikmg- 
only purposes, the M-WAL 102 exports two Ethetnet inteifkces 104 to the operating system. 
For Bluetoofli profiles other than PAN, then M-WAL 102 exports a serial interfece 106 for 
use wifli profiles like OBEX, synohronizaJdon, file transfer and all profiles that are hased on 
the serial profile. 



A WAL coordinator 108 oonfrols the overall behavior of ihe M-WAL 
10 interfece. The WAL coordinator 108 leoaves control infotmation from all lower layer 
coattolfcxs and adapts flie scheduUng policy according to reported channel status or other 
paiamet8iB.Ea6hpadretreoehred&om1helPstadci5classifiedm 108 
by examining ihe header infonnation of the iq>per layer protocols. Once classified, the packet 
to be ttanismitted is passed downstream to an M-WAL scheduler 1 10. The WAL coordinator 
15 also receives data to be transmitted by the serial intaifece 106 that the M-WAL 102 ejqjorts. 



nftTttrnflets 

The lower lay« driver modules for WPAN and WLAN systems, called 
conicollera 112. U4, are responsible for «c<>hanghjg data packets and control naessages with 
20 Kdsting device drivers 116. US. Fa example, in the case of WPAN, the related controUer 
module 112 uses the Bluetooth Host ControUer Interfece (HCI) to vary link parameters, 
operating modes and the overaU operation of ihe BT host controller. The WLAN controller 
114 handles the transmission and reception of Ethernet frames and sets the available 
parameters of the existing XSEE 802.11 driver (ftagmentation, RTS/DTS, modulation). 
25 M-WALconttOllfirsll2,114perfiMm1hB&Uowhagfimctiona: 

_ initiaUzation of the lower layets of the baseband processor<s); 

- exchan^ data fiiaincs as well as control messages with the muM-standa^ 

120 (e.g. combmafion chqiset) according to the specific interfiice; 

- managing the establishment of connections when necessary; 

30 - managlag the low-power modes offhe wireless transcehfer(e.g. radio) ^wdien 

amlaUe; and 

- xnonitoringthewireles5schannelqaalityandmakingitavailabletofl»WAL 
coordinator 108. 
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Scheduler 110 

A sigmflcam csamponent iafhe M-WAL is the packet schedoler 110, vAAob. 
leceives packets to tiansmtt etther by the serial interfece 1 06 or by tiie two Efltemet 
fntafeces 104. Based on information ftom the WAL coordinator 108, the scheduler 110 may 
S adopt different strategies to avoid 1]ie possibility of Bluetooth and IEEE802J lb transxnittmg 
at the same time using lie same fiequency. In the following aection, ooejcistence polices to 
be adopted in the M-WAL schedule axe oudined. 



10 AS introduced above, a scheduling policy can be enforced hx the M-WAL 

packet scheduler 110. One example of such policy is a siixis>le time sharing mechanism vdiere 
a&ced percentage of lime is dedicated to WPAN andlheiest to WLAN» Tb& duly cycle can 
then be dynamically varied according to knowledge of traffic characteristics. For example, 
wben it is lau)wn that WPAN is not active, the whole pexcemage oftlme can be given to 

IS WLAN. This technique only q^qpUes to Ihe transnussion phase and reqiuires that lower layer 
(telays encount^d by the packet be taken into account 

Traffic Shaping 

A Quality of Service (QoS) module inside ibeM-WAL VSZ can be used to 
20 schediild the transmission of IP packets according to application requitemenfi. In the simplest 
case, the QoS module can give priority to UDP packets ov^ TCP packets based on the 
clasj^cation performed by the WAL coordinatoi 108. For example, when traffic In the BT 
I»conet must be given pdority, TCP cormections in the Wli^ 
of buffering. 

25 

Modifications to M AG Schedule 

The preferred solution is to act at MAC level; the IEEE S02.1 1 scheduler 1 14 
and Bluetooth scheduler 1 12 should communicate, so ^oh one knows when Hie channel is 
take^ by a paclcet fioxn the o&er one, and rofyms firom transmitting. 
3 0 This te(d)nique is often rrferred to as Packet Tx&Sic Arbitration <PTA) and its 

description can be found in IBKB P802.15.2 Draft Recommended Practice for Information 
Technology Part 15.2: ^^CoeHistence of Wireless Personal Area Networks with Other 
Wirel^s Devices Operating in Unlicensed Frequency Bands'" (see 
htfp;//www.i66e8Q2.org^lS/pub/T02Jitnd^ Whan the channel is £(?ee agabs, an ^reement 
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must be fciand between ihe scbedulers 114, U2 about which one should be traosmittaig a 
packet Hie dedskm could be taken accoidmg to queued padcet QoS xequhreniails, aad 
duration of the channel occupatioii. The M-WAL 102 can set policies for both schedulers 120 
by using channel state and traffic infonnation. 11118 embodhnent may requh?e changes in the 
5 MAC schedulers 120, fiirther indicated by MACl and MAC2, but standards compliance can 
he mahitained. 



T^^ nf Hisjft TBt Bands 

Bluetooth can use a reduced band, 2454-2477 MHz. This has been considered 
10 for countries like France and Spaui, where part of the band typically used by Bluetooth is 
reserved. The Blustoolh portion of the hardware can us© the reduced band (this can be 
poformed by altering the country code: standard HCl connnands only allow it to be read, 
however aproprietary HCI coiamand for seittmg it should prefeaably be hnplemented), and 
1 can use a channel that does not overli^ vwtii it. Ttiis obviously cannot currently be 
1 5 used in France and Spain. Also, the BluetooA band reduction could be higher than needed 
(since the saved band is aiou^ for allocating 2 non-ov^l^pphig 802.11 chaim^), thus 
possibly causing inefficient use of the band- 

packet Rrapmaitation 

20 III 802.1 land in Bhietooih,ifthere are errors on a packet, llie Whole pa<fl£et is 

tetiansmilted. This is bad for noisy channels (and BluetooA interference can be conwdered as 
aoise), because a few enora on a long packet can cause the r«ransmissiCHa of ihe whole 
packet 802.1 1 and Bhietooth systems aUow controllable packet fiagmentation: each packet is 
split in smaller fiagmmts. and an error cai^es the retransnnssion of tiiat fisgment only, Also, 

25 each system occupies the channel for shorter slices of time, thus allowing for a fairer use of 
the band. A drawback is that oveihead is added for each fragment. This technique is already 
implemapted in some ejdsttog dtivMS. However, the M-WAL 102 can activate this mode 
only when it is needed, according to its knowledge of traffic characteristics. In similar 
fefihion, dynamic control of oibee parameters such as output power variation and variafion of 

30 data rate may be ^pKed by M-WAL 102 only when required. A configuration file 122 is 
ptefembly provided lhat contains the functional parameters of the Wireless Ad^^on Layer 
and can be managed by a dedicated tool, where for example relevant parametBrs may be 
controlled by the user. 



PHITQ20017EPP 




017 07.06.2002 11:11: 



" 07.06 J20Q2 

Avoidance Of Inteifetmcse From Othgr Bands 

Taldng iorHie monjent liie present einbodimeDt» the above solutions may only 
apply to intecferBnce between co-located Bluetoofii and 802. 1 1 device But a nearby 
Bhietsooth device bebnging to another pdconet could al$o Intofero vnA 802,11, Also, the 
5 hard^vaie scheduler 1 10 and software driver solutions may only apply to Bluetootii masters, 
becanse tlxey can cfajoose vAsn to ttan^ndt packets, iJddle a slave most tiatismit packets when 
amaster aste fhem to do so, and have to do so in the slot immediately after the one in 
>vhich fhey received Ihe requ^ A possible solution to interfeience due to nearby Bluetooth 
devices couldbetoimpl^nent 802,11 collision avoidance in Bluetmthhardwsit^ or 
10 firmware. ^QS^hen an S02, 11 device ti:ansmits a Ready To Send packet^aU Bluetooth rnast^ 
that recdve it should te&ain fiom transmitting so as not to inter&re with the 802. 1 1 packet. 
If fbe local Bluetooth d&vico i$ a slave, the Bluetooth masters should include the local 
device's master. This should be jnq>lemeDfed on Bluetooth chips, and suice it is anon- 
standard extension it may not be supported by nearby Bluetooth transmitters. 

IS The present invention Mis within the category of solutions implemented by 

driver level switobiug. The hnprovem^ts to the art include implementation of a co-^stence 
arrangement in the protocol architecture in the &nn of a Joint device driver able to control 
multiple \vireless transoeiverSa wilhout lequiring ad-hoc design of custom hardware and 
software for controlling such custom hardware. The solution can be applied to any electronic 

20 device equipped with IBBE 802.1 1 and Bluetooth technologies, although not limited thereto 
and is available to also mam^e and coordinate hardware and software associated with other 
wireless standards, e»g. others sbarhig the same bandwidth such as 2;igBBS>. No assumptions 
are made xegardhig hardware suppliers and/or associated drivers. The technique disclosed 
therefore avoids naajor modifications in the MAC layers and provides a solution for the maxQ^ 

25 legacy devices that cannot easUy be upgraded to support the same coexistence features that 
may be introduced in accordance with some existing proposals, such as those requiring 
custom hardware designed spedfically to ^able co-existence. Furttiermace^ the arcliitecture 
of thepr^nt invention introduces new features &at cannot be found in the prior art. sudi as 
considering also the characteiistios of tiie traffic generated by the applications. The qxieuing 

30 policies applied to padcerts ensure that the lEBE 802. 1 1 aud Bluetooth wirele^ transceivers 
do not transmit at the same time, while iQie QoS parameters are also taken vcAo account so as 
to enable co-e(8dstence without detetioradng the peifoxmance of upper layers. 

Foreseen embodiments for the present invention disclosure include both a 
client device, such as a l^top having BT inter&ces and 802.1 lb WLAN connection as 
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disci3sse4 in the specific but non-Iimithag example given, but may also include otber 
embodiments such as a mohi-staaddid WLAMTBT ^vireles$ access point AP. In this manner, 
the general WAL fiamewoirk is extended to allow an equipped device, v^ether for ^cample a 
mobile device or a fixed device sucb. a3 an access point AP, to manage concurrent operation 
5 of a plurality <^ wireless standards in for example the ISM band. The co-existence is 

achieved in such a mamier that mutual int^rence is reduced and degradation of tbxougl:q)ut 
is consequently limited^ 

While fhe present inv^ition has been psrticalarly shown and described with 
respact to a pre&tred embodiment^ it will be understood by those skilled in the art that 
10 changes in fi)rm and detail may be made without departing fixim fhe scope and spirit of fhe 
inventioxu 
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CLAIMS: 



1 . A device incotporating a fii^ vmele$s communications airaagemezit ad^ted 
to^perate-iiraecoxdaace-wMi^first-e^ 

communicatKons arrang^ent adapted to operate in accordance vrith a second 
coxmnimications standard, at least a portion of a range of operation according to said first and 
5 second conununicationd standards being in use in an ov^lapping relationships said device 
having a protocol architecture including at least one of software implemented driver-level 
switching and dynamic parameter control adapted to ensure that ^ere is substantially no 
mutual interference between conamunioations at said device under either of said first and 
second comnnmicatioiis standards. 

10 

2. A device according to claim 1^ wherein said driver level switching avoids said 
mutual interference Enough the application of a scheduling policy to transmissions under 
each said oonmiuQicalions standard. 

15 3. A device according to claim 2, wherein said scheduling policy is adapted to 

place said transmissions in a queue and to control said queue such that transmissions under 
one of said communications standards do not collide with transmissions under the other 
communications standard. 

20 4. A device according to claim 2^ wherein said scheduling policy corx^rises a 

time-share mechanism adapted to apply predetennined percentages of time to transmissions 
made under each said communications standard. 

5, A device according to claim 2, wherein a duty cycle of said scheduling policy 

25 is dynamically varied according to the charaoteristios of connnunications ttaffio under each 
said standard. 
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6. A device according to olaiai 1 , wfaeteta said coidmunicaticHis staodaxds 

oa^^)^ise vnxeless compdwlcaaons standaids and said soflware is ux^lemeixted in the fonn of 
a mreless adaptaHon layer. 

5 7. A device according to (Mm l,v*3CTdn said 

quality*of-service arrangement adapted to schedule transmission under said communications 
standards according to application requirmen^ 

8- A device according to claim 1, wherein schedulers of each communications 

1 0 standard communicate such that eadi one knows when a channel is taken by a 

communicadon fiom fhe other and refiains ftom transmitting, said schedule]^ preferably 
commimicadng at Medium Access Ccmtrol (MAC) level. 

9. A device according to cldm wherein policies &r said schedulers axe set in 
IS accorcbncewilhclmnel state ot traffic iixfomiation. 

10. A device according to claim 1, vAier^n commuxucatlons tmder a said standard 
ate p^&mied at leafst temparaxUy using a reduced bandiKfidtb> such that coxnmixDications 
under the other said standard substantially do not overlap. 

20 

1 1 * A device according to claim I, wherein ^d communications comprise packet 

transmissions^ 

12. A device according to claim l> wherein said commuxiications standards 
25 comprise Blnetoofh and 802.11. 

13 . A device according to claim 12, wherein an c^erating parameter, such as one 
or more of packet fiagmentafionj, variable transmission power and variable data rate, is 
activated by said software only when it is determined that it is required^ such detexmlnation 

30 pre&rably heSxxg based on traffic characteristic^. 



14. A device according to daim 12, wherein collision avoidance between said 

comnmnications standards is implemented in Bluetooth hardware or firmware. 
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15. A device according to claim 1, vdierdii said device comprise cme of a dleiit 
device, a master iini^ a slave unit or an access point 

16. A method of ux^lementing co><exi5tence of a plurality of wireless 

5 coxmmmicatloDs azxangements operating uader communicaiioiis standards ha^nng at least 
partially overlapping bandwidfhs, the taethod iacluding implementing, in. software at driver 
level in a protocol stack, a driver level Etching arrangement adapted to ensure thatihere is 
$ubstafifially no mutual interference between communications under said c ommimi n itf fons 
standards. 

10 

17. A softwatd product having encoded thereon executable code for implementing 
oo-eKistence of aplmality of wireless communications arrangements operating under 
communications standards Iwvii^g at least partially overl^ping bandwidth?, the software 
product imcluding code for implementing, at driver level in a protocol stack, a driver level 

1 5 swtching arrangement adapted to raisure that there is substantially no mutual interference 
between communications under said ooncxmunicatLons standards. 
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ABSTRACT: 



Mxilti-mode hardware tbrt supports both Wireless LAN and Wireless PAN 
standards in the 2.4Ghz ISM band are becoming available. This invention discloses a multi- 
standard "wireless driver that incltides a Miilti-standard Wireless Adaptation I^yer (M-WAL) 
^vith the capability to efficiently handle concurrent operation of multiple wireless transceivers 
S while reducing mutual mterference and matching application tia£&c requirements. Tlie multi^ 
standard Wureless Adaptation Layer is a virtual device driv^ that is not limited to networking 
applications but also takes other plication profiles into account, such a$ those described in 
the Bluetooth standard. 

10 Figure 1 
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